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Franck-Condon factor arrays have been computed numerically to high vibrational 
quantum numbers for the red (A 2 !! — X 2 S+) and violet (B 2 S + — X 2 2+) band systems of CN. 



1. Introduction 

The CN molecule is a significant contributor to 
the spectra of comets and stellar atmospheres. It 
also plays an important role in many aspects of com- 
bustion spectroscopy. The red and violet band 
systems are its two most important electronic transi- 
tions. Definitive vibrational assignments and mo- 
lecular constants exist for them [Douglas and Routly 
1954]. Intensity measurements have been made on 
both systems and interpreted in terms of electronic 
transition moment variation across them and of 
smoothed band strengths [Ornstein and Brinkmann 
1931; Nicholls 1956; Dixon and Nicholls 1958; Fergu- 
son 1903]. Franck-Condon factor arrays are neces- 
sary parameters for these studies. The purpose of 
this paper is to supplement the limited and approxi- 
mate arrays of Franck-Condon Factors previously 
available for the systems [Fraser, Jarmain, and 
Nicholls 1954; Nicholls, Fraser, and Jarmain 1959]. 

In previous papers of this series, the straightfor- 
ward numerical method of computation for Morse 
molecules to high vibrational quantum numbers ha ye 
been described. [Nicholls 19(H), 1961] The method 
has since been used on a number of important baud 
systems and excitation transitions (Nicholls 1962a, 
b. C, d). 

The computations were performed upon the IBM 
7090 computer of the National Bureau of Standards 
using a program written by Miss R. Zucker of the 
Computation Laboratory. 

2. Basic Data 

The input data for the program are co n a) e x e , 
r c , /x A and ?j max for both states of the transition 
involved. These data were obtained from the work 
of Douglas and Routly and are listed in table 1. 

Table 1. Basic data 



State 


We (C7ft-1) 


OieXe 

(cm-i) 


TeU) 


"a 


fmax 


X2S+ 

Ami 

J52S+ 


2068.614 
1812.33 
2163.9 


13.114 
12. 61 
20.2 


1. 17198 
1.2296 
1. 1493 


6. 46427 
6. 46427 
6. 46427 


18 

19 
19 



♦Department of Physics, University of Western Ontario, London, Ontario. 



3. Results 

The Franck-Condon factor arrays for the CN 
red and violet systems are displayed in tables 2 and 
3. Franck-Condon factor surfaces of these arrays 
arc shown in figures 1 and 2. The strongly devel- 
oped Condon loci are clearly evident in both cases. 
The CN o violet system, having a very small Ar e 
(^0.02 A), exhibits an almost diagonal primary 
Condon locus with some indications of subsidiary 
loci at high v', v". The CNT o red system having a, 
somewhat larger Ar e (^0.05 A) exhibits more sub- 
sidiary loci at lower v' , v". In the tables, the power 
of 10 by which the entry is to be multiplied is indi- 
cated by the negative number at the end of each 
entry. The position of the CN "tail" bands of the 
violet system at the large values of v', v" is clearly 
seen on the primary locus. The data for the CN 
red system agrees well with that of Wyller [1958] 
calculated on the hasis of a Hulburt-Hischfelder 
potential. 

4. Discussion 

While the Morse model of molecular potential is 
admittedly an empirical expedient, the work of 
Jarmain [1 9(5^] on realistic Klein-Dunham potentials 

lor the X 2 2+, A 2 Yl and B 1 ^ states of CN shows 
that the departure from Morse potentials is small 
and thus that the tables 2 and 3 are probably 
acceptable. These Franck-Condon factors for the 
CN violet system have been used in conjunction 
with the lifetime measurements of Bennett and 
Dalby [1960], to determine absolute band strengths 
for important bands of the system [Nicholls 1964]. 



The great assistance to this work of Miss Zucker 
of the NBS Computational laboratory is gratefully 
acknowledged. 

The w r ork reported above has been supported in 
part by research grants from The Air Force Office 
of Scientific Research, The National Aeronautics 
and Space Administration, The National Research 
Council of Canada and The Ontario Research 
Foundation, and by contracts with the Air Force 
Cambridge Research Center and the Defence Re- 
search Board of Canada. 
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Figure 1. 



Franck-Condon factor surface 
system. 
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Figure 2. Franck-Condon factor surface for the CN violet 
system. 
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Table 2. Franck-Condon factors to high, vibrational quantum numbers for the CN red (A 2 Hj — X 2 S + ) system 



\ 






• 5. 3757-1 


• 3.5349-1 


9. 4547. 2 
• 

3. 0014-1 


1.3291 2 


1.0612-3 


4. 8473-5 


1.2138-6 




1.4932-8 




7.0536 11 




5.0171 11 




6.0327 17 


1 


3. 1160-1 


7. 6745-2 


1. 9808 1 

• 

2. 5325-1 


L2582 2 


4.5980-3 


2.6517-4 




8.0140-0 




1.1506-7 




6. 1453-10 




5.8270 L3 


2 


1.0995-1 


2. 6831-1 


1. 5840-3 


% !. 6968 I 


8. 4473-2 


1. 1906 L' 




8. 4458-4 




3.0208 5 




L9874 7 




2. 9755-9 


3 

4 
5 


3. 0917-2 
7. 6765-3 
1. 7727-3 


1.8573-1 
7. 8903-2 
2. 6374-2 


1. 4030-1 
• 

1.9523-1 

1.2139-1 


5.9101 2 

1. 171! 2 
• 

1.5531 1 


1.2855 1 ^. 1)070-1 

• 
1. 2661-1 4. 1349-2 

L. 7048-3 # 1. 5852-1 


1.3272-1 

2. 8285-1 
3.0781- 


• 


2. 3875-2 
1.8045-1 
2. 3976-1 


2. 0455-3 

L0855 2 

• 2. 2154-1 




8.5321 5 
4. 1713-3 
6.2617 2 




1. 01102 
2.0003 1 
7. 5451-3 


6 


3. 9235-4 


7. 6867-3 


5. 3102-2 


1.4292-1 


• 9. 5944-2 


9. 5123-3 


/. 5028-1 


• 


5. 0627-3 


• 


1.8144-1 


• 2. 5148-1 




8.8411-2 


7 
8 
9 


8. 4825-5 
1. 8140-5 
3. 8708-6 


2. 0608-3 
5. 2460-4 
1. 2939-4 


1. 9106-2 
6. 0988-3 
1. 8032-3 


8.0911-2 
3. 5477-2 

1. 3328-2 


1. 3913-1 
1.0231-1 
5. 4358-2 


4. 2513-2 
• 

/. 1478-1 

1.1197-1 • 


4. 1725-2 # /. 1529-1 
9. 4069-3 7. 6438-2 
7. 9628-2 5. 6759-5 


3.3158-2 
7.1121-2 
9. 9305-2 


• 


1.2078-1 
0.9501-2 
3. 2356-2 


• 
• 


■1 6759 f 
6. 7741-2 
1. 0201-1 


10 


8. 2929-7 


3. 1347. 5 


5. 0732-4 


4. 5319-3 


2. 3859-2 


7.2156-2 


/. 0806-1 


• 


4. 4234-2 




9.9830 3 


• 1.0456- 1 




7. 7358-3: 


11 


1. 7919-7 


7. 5314-6 


1. 3828-4 


1. 4422-3 


9. 2642-3 


3. 0S71-2 


8. 5202-2 


9. 2301-2 




1.6941 2 




3. 0679-2 


• 


9. 3^89-2 


12 


3. 9187-8 


1.8070-6 


3.6973 5 


1.3907 1 


3. 3133-3 


1.6272-2 


5.0687 2 




9. 0760-2 • 


6.9020 2 




2. 3130-3 




5. 3066-2 


13 


8. 6948 9 


4.3515-7 


9. 7860-6 


1. 2985-4 


1. 1203-3 


6. 5098-3 


2. 5362-2 




6.3117-2 




8. 7701-2 


• 


4.3691-2 




9. 1S32-4 


14 


1. 9606-9 


1.0559-7 


2. 5810-6 


3.7709 5 


3.6460 1 


2. 4338-3 


1. L313 2 




3. 5795-2 




7. 1952 2 


7. 0715-2 




2. L553 2 


15 


4. 4953-10 


2. 5890. 8 


6. 8178-7 


1.0842 5 


1. L566 1 


s. 6806-4 


L6608 :< 




1.7709 2 




4. 6347-2 




7. 5492-2 


• 


0.0072 2 


16 


1.0480 in 


6. 4290-9 


1. 8105-7 


3. 1045-6 


3. 6104-5 


2.9969 1 


1.8159-3 




8. 0482-3 




2.5591 2 




5 5509 2 


7. 2944-2 


17 


2. 4835-11 


1.6193 9 


4. 8474-8 


8. 8960 7 


1. 1168 5 


1.0122-4 


6.8017 1 




3. 4168-3 




1.2726-2 




3.4139 2 




6. 1778-2- 


18 


5. 9886 12 


4. 1388-10 


1.3115 s 


2.5001 7 


3.4419-6 


3. 3719-5 


2. 1788 l 




I.3S50 3 




5. 8764-3 




1.8628-2 




4. 4444-2 


19 


1. 4847-12 


1.0731 10 


3.5918-9 


7.4199-8 


L.0615 6 


1. 119; 5 


8.8683 5 




5. 4329-4 




2. 5729-3 




9. 3449-3 




2.5431 2 






L.8995 11 


1.59 IS II 


3.0640 17 


4.9182 16 


1.7101-16 




1.0302-16 


7. nsii in 




1.0901 16 


1 


L.5738 1." 


3.4200-17 


5.6834-11 


2.0135-17 


1.9276-16 




4.2348-17 


6.8633-17 




l.sosl 17 


2 


2.8207-12 


1.0150 15 


1. 3995 11 


7.3001-18 


5. 3798-1 ( 




4. 4321-17 


4.9243-16 




L.8682 16 


3 


t. 0579 s 


1.0711 11 


6.6539-1S 


0.2089-16 


3.5702 17 




4. 5407-17 


6.9069 Hi 




2.9542-16 


4 


1. 2:115 6 


3.0705 S 


3. isss 11 


3.10 75 1 1 


6.9581-16 




2. 7820 15 


3.0717-17 




5.6938 10 


5 


4. 1479-4 


9. 77 IS 


7.7466-8 


8. 1963-11 


8.1174-14 




3. 0691-16 


L.8812 15 




2.6983-16 


r, 


1. 2482-2 


7. 7S79 1 


2.0302 5 


1.7507-7 


1.9128-10 




1.9412-13 


2. 2525 1 5 




1. 1570-15 


7 


1. 1705-1 

• 

2.0911-1 

2. 8629-2 
• 

1.2255-1 

4. 1020-6 
• 

7. 1283-2 


1.9265-2 


1. 3564 3 


3.9I3S 5 


3.0331 7 




1.0722-10 


4.3818-13 




8.0260 15 


8 
9 
10 

11 

12 


1. 4707-1 

• 

2. 5092-1 

6. 1753-3 

• 

/. 2800-1 

7. 1603 3 


2. SI 10 2 

1.7681-1 

• 

2.3317-1 

6. 5155-5 
• 

/. 1932-1 


2. 2239-3 

3. 9180-2 

• 2. 0403-1 

• 
2. 0090-1 

7. 7315-3 


7.0500-5 
3. 1689 3 

5. 2509-2 

2. 2897-1 
1.6361-1 


• 


7. 0357-7 

1. 2036 1 

5. 1887-3 

6. 8051-2 

2. 4849-1 

• 
1. 2483-1 


8.0657 lo 
1. 2864-6 
1. 9642-4 
7. 4882-3 
s. 5646 2 




1.0900 12 

1. 1842 9 
2.2406 6 

3. 0842-4 
1.0477-2 


13 


6. 9916-2 


• 4. 5342-2 


2. 4286-2 


• 9. 9824-2 


2. 5214-2 




2. 0215-1 


• 


1.0503 l 


14 


1. 0091-2 


7. 7095-2 


2.2135-2 


4. 5364-2 • 7. 4405-2 




4. 7974-2 


8. 7841-2 


2.0924-1 


15 
16 


6. 4443-3 

4. 1034-2 
• 

0. 4026-2 


2. 5233-2 
1. 8308-4 


• 7.3755-2 
4. 1237-2 


6. 3297-3 
• 

0. 1775-2 


6. 4775-2 

9.0950 5 


t 


4. 8100-2 
7. 8299-2 


7. 1589-2 
2. 5263-2 




5. 5390-2 
9. 2280-2 


17 


2. 3101-2 


2. 4654-3 


5. 3708-2 • 


4. 4752-2 




3.1795-3 % 8.3020-2 


• 


8.9971-3 


18 


6. 3983-2 


• 5. 1914-2 


9. 275(>-3 


1. 1233-2 


5. 9788-2 


9 


2. 6884-2 


1. 3418-2 


8. 0373-2 


19 


4. 9374-2 


0. 1553-2 


3. 6968-2 


1 . 4930-3 


2.3317 2 


5. 8500-2 


1. 1957-2 




2. 7528-2 
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Table 3. Franck-Condon factors to high vibrational quantum numbers for the CN violet (B 2 S + — X 2 S + ) system 



v'\ 






9. 0861-1 


8. 3968-2 


6. 9510-3 


4. 4870-4 


1. 9898-5 


2. 7721-7 


2. 6248-8 


2. 7813-8 


8. 2117-9 


1. 5780-9 


2. 2678-10 


1 


8. 9808-2 • 7. 5682-1 


1.3506-1 


1. 6796-2 


1. 4376-3 


8. 0435-5 


1. 4545-6 


1. 0223-7 


1. 6193-7 


5. 5089-8 


1. 1974-8 


2 


1. 5782-3 


1. 5573-1 • 


6. 4884-I 


1. 6365-1 


2. 7137-2 


2. 8727-3 


1. 9375-4 


4. 3326-6 


3. 1869-7 


5. 3235-7 


2. 0531-7 


3 


7. 8971-6 


3. 4362-3 


2. 0419-1 


i 5. 7392-1 


1. 7684-1 


. 3. 6660-2 


4. 5823-3 


3. 6058-4 


9. 5981-6 


6. 4476-7 


1. 3028-6 


4 


8.6112-7 


5. 1416-5 


4. 7889-3 


2. 3950-1 


• 6. 2453-1 


1. 7943-1 


4. 4743-2 


6. 3791-3 


5. 7143-4 


1. 7542-5 


1. 1125-6 


5 


1. 1289-8 


3. 1220-6 


1. 8005-4 


5. 2344-3 


2. 6442-1 


• 4. 9543-1 


1. 7463-1 


5. 1190-2 


8. 0938-3 


8. 0971-4 


2. 7893-5 


6 


7. 2137-10 


1. 0935-7 


5. 9244-6 


4. 5696-4 


4. 6839-3 


2. 8056-1 


• 4- 8301-1 


1. 6456-1 
• 

4. 8479-1 


5. 6067-2 


9. 5892-3 


1. 0555-3 


7 


1.0162-10 


2. 5942. 9 


5. 2139-7 


6. 9330-6 


9. 4206-4 


3. 3282-3 


2. 8863-1 


1. 5062-1 
• 

4. 9903-1 

• 
2. 8060. 1 


5. 9592-2 


1. 0764-2 


8 


2. 2048-12 


9. 0199-10 


3. 0495-9 


1. 6673-6 


4. 1392-6 


1. 6681-3 


1. 6228-3 


2. 8874-1 


1. 3378-1 


6. 2069-2 


9 


2.1117-14 


3. 7404-11 


4. 0681-9 


4. 9483-11 


4. 0189-6 


9. 1838-8 


2. 6132-3 


2. 7056-4 


5. 2430-1 

• 
2. 6377-1 


1. 1476-1 


10 


5. 8414-15 


6. 9530-13 


3. 0099-10 


1. 2044-8 


1. 8076-8 


7. 6693-6 


8. 2223-6 


3. 6759-3 


1. 8061-4 


5. 5916-1 


11 


4. 2818-15 


9. 1614-14 


9. 2904-12 


1. 5548-9 


2. 5284-8 


1. 6872-7 


1. 1692-5 


5. 9422-5 


4. 6645-3 


2. 3775-3 


2. 3801-1 


12 


2. 0230-15 


5. 1900-14 


6. 5811-13 


7. 8321-11 


5. 8540-9 


3. 6926-8 


7. 2502-7 


1. 3761-5 


2. 0506-4 


5. 3129-3 


7. 8393-3 


13 


8. 5878-16 


1. 6294-14 


3. 1528-13 


4. 8529-12 


4. 5861-10 


1. 7078-8 


3. 1707-8 


2. 1227-6 


1. 1015-5 


5. 1087-4 


5. 3388-3 


14 


1. 9348-16 


3. 8730-15 


1. 5327-13 


1.4107-12 


3. 1444-11 


2. 0513-9 


3. 9504-8 


5. 6758-9 


4. 7351-6 


3. 4980-6 


1. 0360-3 


15 


6. 4240-18 


1. 5402-15 


4. 9657-14 


7. 1185-13 


6. 2102-12 


1. 7368-10 


7. 2984-9 


7. 2291-8 


2. 5977-8 


8. 3072-6 


1. 0576-6 


16 


1. 0932-16 


1. 2919-15 


1. 2348-14 


3. 0699-13 


2. 8671-12 


2. 6234-11 


8. 1219-10 


2. 1206-8 


1.0035-7 


3. 2093-7 


1. 1244-5 


17 


4. 2234-17 


7. 5678-16 


4.0075-15 


1. 1304-13 


1. 3270-12 


1. 0021-11 


1. 1181-10 


3. 1849-9 


5. 0934-8 


9. 2597-8 


1. 3090-6 


18 


7. 6386-18 


1. 1930-16 


2. 7265-15 


3. 9056-14 


5.4181-13 


4. 9560-12 


3.2952-11 


4. 6224-10 


1. 0564-8 


1. 0035-7 


3. 3415-8 


19 


1. 4913-16 


1. 2611-17 


2. 3185-15 


1. 4397-14 


2. 1573-13 


2. 2311-12 


1. 5698-11 


1. 1152-10 


1. 7574-9 


2. 9753-8 


1. 5766-7 



13 






2. 3708-11 


1. 3796-12 


1.8967-15 


3. 5222-14 


2. 3863-14 


6. 3210-15 


9. 6737-16 


3. 9930-16 


1 


1.9354-9 


2. 2979-10 


1. 6432-11 


1. 6721-13 


2. 3236-13 


2. 6470-13 


1. 2565-13 


3. 9558-14 


2 


4. 9872-8 


8. 9924-9 


1.2024-9 


1.0079-10 


1. 8714-12 


9. 4542-13 


1. 4015-12 


7. 7329-13 


3 


5. 6173-7 


1. 5076-7 


2. 9989-8 


4. 4674-9 


4. 3417-10 


1. 2589-11 


2. 6695-12 


5. 6301-12 


4 


2. 6449-6 


1. 2589-6 


3. 6981-7 


8. 0445-8 


1. 3197-8 


1. 4568-9 


5. 9369-11 


4. 8901-12 


5 


1.7379-6 


4. 7150-6 


2. 4485-6 


7. 8033. 7 


1. 8425-7 


3. 3041-8 


4. 0870-9 


2. 1537-10 


6 


3. 9798-5 


2. 5507-6 


7. 6392-6 


4. 2813-6 


1. 4686-6 


3. 7366-7 


7. 2716-8 


9. 9852-9 


7 


1. 2888-3 


5. 1942-5 


3. 6035-6 


1. 1507-5 


6. 8882-6 


2. 5250-6 


6. 8800-7 


1. 4426-7 


8 


1. 1547-2 


1. 4927-3 


6-2763-5 


4. 9771-6 


1. 6372-5 


1. 0365-5 


4. 0329-6 


1. 1702-6 


9 


6. 3851-2 


1. 1897-2 


1. 6550-3 


7. 0697-5 


6. 7820-6 


2. 2257-5 


1. 4766-5 


6. 0589-6 


10 


9. 4241-2 
• 

6.0182-1 


6. 5324-2 


1. 1789-2 


1. 7698-3 


7. 4419-5 


9. 1587-6 


2. 9156-5 


2. 0092-5 


11 


7. 3017-2 
• 

6. 4973-1 


6. 6901-2 


1. 1219-2 


1. 8378-3 


7. 3035-5 


1. 2267-5 


3. 7042-5 


12 


2. 0364-1 


5. 2081-2 

• 

6. 9929-1 


6. 9023-2 


1. 0193-2 


1. 8665-3 


6. 6211. 5 


1. 6264-5 


13 


1. 7251-2 


1. 6199-1 


3. 2712-2 
• 

7. 4561-1 


7. 2174-2 


8. 7397-3 


1. 8703-3 


5. 4272-5 


14 


4. 5529-3 


3. 0684-2 


1. 1585-1 


1. 6465-2 


7. 6894-2 


6. 9182-3 


1. 8704-3 


15 


1. 7949-3 


3. 0119-3 


4. 7252-2 


6. 9762-2 7. 8246-1 


5. 0559-3 
• 

8. 0255-1 


8. 3795-2 


4. 8435-3 


16 


3. 2687-5 


2. 7084-3 


1. 1808-3 


6. 4849-2 


3. 0153-2 


1. 0652-4 


9. 3565-2 


17 


1. 0625-5 


1. 5344-4 


3. 5662-3 


3. 0855-5 


8. 0129-2 


4. 8684-3 7. 9831-1 


2. 7309-3 


18 


3. 3728-6 


4. 7289-6 


4. 3919-4 


4. 0374-3 


9. 6578-4 


8. 8941-2 


2. 0586-3 


7. 6317-1 


19 


9. 2888-9 


6. 2080-6 


1. 4683-7 


9. 5701-4 


3. 7760-3 


5. 4660-3 


8. 7368-2 


2. 8251-2 
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